Lifestyle-related diseases such as hypertension, dyslipidemia, diabetes and obesity are major risk factors of cardiovascular disease (Sakuma and Kitabatake 2008) . Heart disease is the second leading cause of mortality in Japan (Health and Welfare Statistic Association 2008 ). An increased number of patients with cardiovascular disease including ischemic heart disease, such as angina pectoris and myocardial infarction, is anticipated due to an increase in atherosclerosis with aging (Sakuma and Kitabatake 2008) . Lifestyle modification, which is the cornerstone of preventive management for people with these risk factors, should be recommended (Committee on Guideline for Previous studies have shown that lifestyle modification can reduce the incidence of diabetes (Knowler et al. 2002; Lindstrom et al. 2003; Lindstrom et al. 2006; Gillies et al. 2007) , hypertension (Appel et al. 2003; Elmer et al. 2006) and cardiovascular disease risk factors (Ratner et al. 2005; Maruthur et al. 2009) , and the development of effective and feasible health education programs in community settings contributes to reducing these risks. In a Japanese community, the use of existing health examination in community health services as a basis for lifestyle intervention programs is considered one of the most feasible methods (Egawa et al. 2004) . Several trials in community settings have demonstrated the effect of lifestyle interventions targeting a middle-aged community-dwelling population for the reduction of obesity (Mitsuhashi et al. 2003; Noda et al. 2006; Egawa et al. 2007) , hypertension (Iso et al. 1996; Miura et al. 2006) , diabetes (Kuriyama et al. 2006) , dyslipidemia (Amano et al. 2002; Iso et al. 2002) and risk of cardiovascular diseases (Haruyama et al. 2009 ). Using data of the same cohort as the present study, Haruyama et al. (2009) found that there was a significant mean weight reduction and increase of physical activity in a lifestyle intervention group compared with a control group for 15 months among males and females. Though most of these studies evaluated programs lasting 3 to 18 months and showed improvements in each target risk (Iso et al. 1996 Amano et al. 2002; Mitsuhashi et al. 2003; Kuriyama et al. 2006; Miura et al. 2006; Noda et al. 2006; Egawa et al. 2007 ), the effect of lifestyle intervention programs for two years or longer in Japanese community settings have not yet been clarified. We consider that it is important to evaluate the effects of programs conducted over longer periods in community settings in order to obtain a more appropriate evaluation aimed at future policy-making.
The present study investigated whether a long-term intervention program conducted by local community health workers targeting a high risk population in a community setting could achieve desirable effects on lifestyle behaviors and cardiovascular disease risks at 27 months on further follow-up of subjects from the previous study (Haruyama et al. 2009 ).
Methods

Study design and participants
Details of the project in the present study have been reported previously (Haruyama et al. 2009 ). The lifestyle intervention program was designed by local community health workers in Soka city based on the "Health-Up Model Project" by the Ministry of Health, Labour and Welfare of Japan (Haruyama et al. 2009 ). The project staff included doctors at a local hospital, public health nurses and registered dietitians at a health center and instructors at a sports association in the city (Haruyama et al. 2009 ). We newly examined the effect of the program over a longer term, 27 months.
The program was provided between July 2004 and September 2006. In 2003, 17,395 residents of Soka city underwent health checkup for the elderly conducted by the municipality. A total of 7,875 residents aged 39-71 years old, who had at least one risk factor of overweight, hypertension, dyslipidemia or diabetes in the health checkup (Ministry of Health, Labour and Welfare of Japan 2005a), were informed of the study by direct mail. We used the same inclusion categories as the previously published study (Haruyama et al. 2009 ). Namely, of the 636 subjects recruited, 549 were included in this study because they were considered one of the following types of high-risk subjects. Subjects with overweight were defined as having a body mass index (BMI) ≥ 25 kg/m 2 ; subjects with hypertension risk were defined as having at least one of the following: systolic blood pressure (SBP) ≥ 130 mmHg or diastolic blood pressure (DBP) ≥ 85 mmHg; subjects with dyslipidemia risk were defined as having at least one of the following: total cholesterol (TC) ≥ 200 mg/dl (females aged 50 years or over: ≥ 220 mg/dl), high-density lipoprotein cholesterol (HDL-C) < 40 mg/dl, low-density lipoprotein cholesterol (LDL-C) ≥ 120 mg/dl or triglycerides (TG) ≥ 150 mg/dl and subjects with diabetes risk were defined as having at least one of the following: fasting plasma glucose ( As shown in Fig. 1 , a total of 549 participants enrolled in this non-randomized controlled study. These participants were allocated to either the intervention or the control group based on each participant's own preference. Of these participants, 397 participants completed all 3 assessments at baseline, 15 months, and 27 months. Ultimately, the results of 397 (drop-out rate: 27.7%) participants, consisting of 213 participants in the intervention group (39 males and 174 females) and 184 participants in the control group (64 males and 120 females), were analyzed.
The study protocol was approved by the Soka City Board. Then the study protocol was submitted by the Soka City Board to the Ministry of Health, Labour and Welfare of Japan, where it was also approved. Written informed consent to participate in this study, which included an explanation of the risks of performing exercise, was obtained from each subject. The Soka City Board entrusted the analysis to researchers at Dokkyo Medical University. Data were unlinkably anonymized before being sent to the researchers at Dokkyo Medical University in charge of the analysis. Therefore, all personal information has been protected, and the study protocol is in compliance with the Ethical Guidelines for Epidemiological Research (Ministry of Education, Culture, Sports, Science and Technology, and Ministry of Health, Labour and Welfare, Japan, 2002).
Intervention
The intervention group attended 2 individual counselling sessions for 1 hour each and 15 group sessions for 2 hours each during the initial 15 months. As shown in Table 1 , group sessions during the first 6 months were more frequent than those during the next 9 months. In addition, the intervention group attended one individual counselling session and 13 group sessions held during the following 12 months.
Individual counselling was based on the results of health checkups and health assessment of physical activity, dietary intake, and other lifestyle habits at each time point. The group sessions on nutrition by registered dietitians consisted of lectures on appropriate diet for preventing lifestyle-related disease, such as increasing vegetable intake for dietary fiber, vitamins and minerals, preferable fat intake and decreased salt intake, and cooking classes on how to prepare food appropriately.
The group exercise sessions conducted by exercise instructors, consisted activities such as aerobic exercises, stretching, walking, and water-based exercise in a sports gym or some local health and community centers. Participants received a medical check before starting the exercise program, and their conditions were confirmed by exercise instructors at each session. Participants in the intervention group were divided into 9 small groups (30 to 35 people in each group), and the same program was provided during the daytime and at night for the convenience of participants. Through these approaches, participants were encouraged to set their own goals for lifestyle modification.
Moreover, newsletters were delivered to the intervention group and the control group for 27 months, as shown in Table 1 . The intervention group received newsletters providing information on health and the control group received newsletters with the results of their health checkups and other information on health.
The mean attendance rates in the intervention group were 86.6% during the initial 15 months and 74.4% during the following 12 
Measurements
Body weight was measured, while subjects were lightly clothed without shoes using the TBF110 body fat monitor (Tanita Inc., Tokyo, Japan). Height was measured using the height measuring scale with a handle VL65 (Yagami Inc., Nagoya, Japan) without shoes. BMI was calculated as body weight (kg) divided by the square of the height (m 2 ). SBP and DBP were measured by the oscillometric methods using auto-manometers HEM 762 Fuzzy (Omron Co., Tokyo, Japan) after the subjects had been seated for 3-5 minutes. If the first measurement value was high, it was taken again after the subjects had remained still for 3 minutes, and the lower value was recorded (Sairenchi et al. 2005) . Fasting blood samples from all subjects were obtained and TC, HDL-C, LDL-C, TG, FPG and HbA 1c were measured at a laboratory (Saitama, Japan). For the determination of each risk category of evaluations at both 15 months and 27 months, we included selfreported medication usage for the treatment of hypertension, dyslipidemia or diabetes, referring to the determination of subjects with metabolic syndrome risk category in the national health and nutrition survey (Ministry of Health, Labour and Welfare 2009).
We used the Framingham risk score, which is based on age, TC, HDL-C, SBP and current smoking status (Expert Panel on Detection, Evaluation, and Treatment of High Blood Cholesterol in Adults 2001), in order to establish risk scores. TC was classified into 5 levels (< 160, 160-199, 200-239, 240-279 , ≥ 280 mg/dl), HDL-C was classified into 4 levels ( ≥ 60, 50-59, 40-49, < 40 mg/dl) and SBP was classified 5 levels (< 120, (120) (121) (122) (123) (124) (125) (126) (127) (128) (129) (130) (131) (132) (133) (134) (135) (136) (137) (138) (139) (140) (141) (142) (143) (144) (145) (146) (147) (148) (149) (150) (151) (152) (153) (154) (155) (156) (157) (158) (159) ≥ 160 mmHg) .
Food frequency questionnaire and dietary intake
We evaluated dietary intake of the participants during the previous 1-2 months using the food frequency questionnaire (FFQ) and the software package Excel Eiyoukunn; the FFQ was based on the major food groups (Kenpakusya Corp., Tokyo, Japan) (Yoshimura and Takahashi 2001) . Detailed descriptions of the methods used for calculating dietary intake and the validity of the FFQ have been published elsewhere (Takahashi 2003) . Pearson correlation coefficients between FFQ and 7-day dietary records were 0.47 for energy, 0.42 for protein, 0.39 for fat, 0.49 for carbohydrate, 0.44 for dietary fiber and 0.43 for salt (Takahashi, 2003) .
In the questionnaire, participants also self-reported the daily duration of the classification of 5 physical activity; sleeping, highintensity activities (e.g., jogging, carrying a heavy load), moderateintensity activities (e.g., walking at a moderate pace, bicycling at a moderate pace), low-intensity activities (e.g., walking slowly, light cleaning), and sedentary activities and standing quietly (e.g., sitting while reading a book, light desk work, talking, eating). Activity factors (Af) of the 5 physical activities, which indicated the intensity of each physical activity, were expressed in a multiple of the basal metabolism and used to estimate physical activity level for each subject (Ministry of Health, Labour and Welfare of Japan 2005b, Sasaki 2007). The calculated physical activity level (Af) was used as each subject's physical activity level (Af) to assess individual energy intake because the estimated energy requirement of each adult subjects is defined as "the energy intake that is estimated to have the highest probability of achieving an energy balance (energy expenditure-energy intake) of zero" (Ministry of Health, Labour and Welfare of Japan 2005b; Sasaki 2007) .
We confirmed that there were no participants who had extremely low or high energy intake estimated by the FFQ (range of energy intake: 855-3901 kcal). Nutrient intakes in this study were energy adjusted using energy density; intake of fat, protein, carbohydrate by energy percent (E%), dietary fiber and salt by intake (g) per 1,000 kcal energy intake, showing dietary fiber intake and salt intake, respectively. In this study, preferable nutrient intake were defined as follows: fat intake (E%) ≥ 20 and < 25, carbohydrate intake (E%) ≥ 50 and < 70, dietary fiber intake ≥ 10 g/1,000 kcal and salt density < 4.5 g/1,000 kcal, referring to the nutrition targets in the guidelines for primary prevention of ischemic heart disease (Sakuma and Kitabatake 2008) 
Assessment of lifestyle factors
Information on lifestyles such as current medication usage, smoking, alcohol drinking, eating behaviors, and physical activity were obtained by a self-administered questionnaire. Smoking status was indicated using three categories: current smoker, ex-smoker and never smoked. Drinking status was confirmed by the frequency of drinking and quantity of alcohol consumption. Habitual drinker was defined as one who takes more than approximately 20 g of alcohol per day for 3 days or more per week. Dietary behaviors or current medication usage were categorized as yes or no. Preferable dietary behaviors included eating slowly, not eating until full and not habitually eating snacks, based on the assumption that these dietary behavior are associated with risk factors of cardiovascular disease (Otsuka et al. 2006 (Otsuka et al. , 2008 Maruyama et al. 2008; Woo et al. 2008) . A regular exerciser was defined as a participant with an exercise frequency of 20 minutes sessions more than 2 times per week. Number of walking steps was self-reported using a pedometer distributed to each subject at baseline. Walking more than 6,000 steps per day was defined as preferable.
Statistical analysis
We selected lifestyle behaviors and cardiovascular disease risks as outcome measures in this study. The lifestyle behaviors included physical activity, dietary behaviors and nutrient intakes. The cardiovascular disease risks included overweight, hypertension, dyslipidemia and diabetes. These two outcome measures each have benefits and limitations. Cardiovascular disease risks are more objective than lifestyle behaviors, but they are influenced by genetic factors. Lifestyle behaviors are subjective, but they are more direct measures of lifestyle intervention.
Comparison between the intervention group and the control group at baseline were examined by Student's t-test for continuous variable of anthropometric and biological data, total risk score energy intake and physical activity level, and by Chi-squared test or Fisher's exact test for categorical variables of disease risk, lifestyle behavior and smoking status.
We performed an analysis of variance for repeated measures to determine time-related change in anthropometric and biological data at 15 months and 27 months among subjects at each risk. To remove the influence of medications on changes in anthropometric and biological data, we excluded subjects who self-reported that they were taking medication prescribed for hypertension (9 males and 23 females), dyslipidemia (2 males and 22 females) and diabetes (3 males and 3 females) in this analysis of variance for repeated measures. In the analysis, we included all 394 subjects in terms of the Framingham risk score, energy intake and physical activity level.
We analyzed the probability of subjects with preferable lifestyle factors or cardiovascular disease risks being in the intervention group versus the control group using multiple logistic regression analysis. In conducting multiple logistic analysis, the dependent variable was lifestyle behavior (0: Not the preferable lifestyle behavior, 1: Preferable lifestyle behavior) and cardiovascular disease risks (0: Without risks, 1: With risks). For independent variables, we defined the group allocation (0: Control group, 1: Intervention group), each baseline category and sex (0: male, 1: female), age category (0: 39-49 years, 1: 50-59 years, 2: 60-71 years), and baseline category of each lifestyle behavior or each cardiovascular disease risk. We employed two models: model 1 adjusted for age category and each baseline category for male and female participants, respectively: model 2 adjusted for sex, age category and each baseline category for all participants. Odds ratios (OR) with 95% confidence intervals (CI) were calculated in terms of prevalence of preferable lifestyle behaviors in the intervention group against that in the control group and prevalence of cardiovascular disease risks in the intervention group against that in the control group.
For all tests, a value of P < 0.05 was considered significant. All analyses were performed using the SPSS 15.0J for Windows (SPSS Japan Inc., Tokyo, Japan). Table 2 shows the comparison of the baseline lifestyle factors between the intervention group and the control group. The proportion of those with preferable carbohydrate intake was significantly higher in the intervention group than that in the control group for males (P = 0.028). Table 3 shows the comparison of the baseline cardiovascular disease risks between the two groups. The proportion of overweight females in the intervention group was significantly higher than that in the control group (P = 0.015). There were no other significant differences in baseline characteristics between the two groups among males and females. Table 4 shows the odds ratios of preferable lifestyle behaviors in the intervention group versus the control group. Multiple logistic regression analysis adjusted for each baseline category and age category showed that the proportion of males performing regular exercise was significantly Multiple logistic regression analysis adjusted for sex, each baseline risk category and age category by sex showed that the proportion of those walking a preferable number of steps was significantly greater in the intervention group at both 15 months (OR 3.80, CI 2.07-6.97) and 27 months (OR 1.90, CI 1.07-3.37). However, the proportion of those performing regular exercise was significantly higher in the intervention group than those in the control group only at 15 months (OR 2.89, CI 1.75-4.76). The proportion of those consuming a preferable dietary fiber intake was significantly greater in the intervention group than in the control group only at 15 months (OR 2.17, CI 1.20-3.90) and the proportion of those having a habit of not eating until full was significantly greater in the intervention group only at 27 months (OR 2.32, CI 1.29-4.18). There were no significant differences in energy intake or physical activity level throughout the 27 months among males or females in the two groups, respectively (data are not shown). a. Values are shown as mean ± S.D., unless otherwise specified. b. P value was determined by unpaired Student's t-test, unless otherwise specified c. P value was determined by Chi-squared test. d. P value was determined by Fisher's exact test. e. Subjects with overweight were defined as having a BMI ≥ 25 kg/m 2 . f. Subjects with hypertension risk were defined as having at least one of the following: SBP ≥ 130 mmHg or DBP ≥ 85 mmHg. g. Subjects with dyslipidemia risk were defined as having at least one of the following: TC ≥ 200 mg/dl (females aged 50 years or over: 220 mg/dl), HDL-C < 40 mg/dl, LDL-C ≥ 140 mg/dl or TG ≥ 150 mg/dl. h. Subjects with diabetes risk were defined as having at least one of the following: FPG ≥ 110 mg/dl or HbA 1c ≥ 5.6%. OR, Odds ratio; 95%CI, 95% confidence interval; E%, Energy percent; g/1,000 kcal, g per 1,000 kcal energy intake. a. Baseline category and age category were adjusted to obtain the multivariate odds ratio, unless otherwise specified. b. Baseline category, age category and sex were adjusted to obtain the multivariate odds ratio. Table 5 shows a comparison of changes in cardiovascular disease risks between the intervention group and the control group among subjects with each risk at baseline. In females, the average Framingham risk score in the intervention group was significantly decreased at 15 months (P = 0.005) and showed a significantly smaller increase at 27 months (P < 0.001). The average decrease in weight among female subjects showing overweight at baseline in the intervention group was significantly decreased only at 27 months (P = 0.008). The average decrease in SBP among female subjects with hypertension risk at baseline in the intervention group was significantly decreased only at 27 months (P = 0.026). Although the average HbA 1c among female subjects with diabetes risk at baseline in the intervention group was significantly decreased at 15 months (P = 0.041) and 27 months (P = 0.002). In males, the average increase in TG in the intervention group was significantly smaller at 15 months (P = 0.002) and at 27 months (P < 0.001). Table 6 shows the odds ratios of cardiovascular disease risks in the intervention group versus the control group. Multiple logistic regression analysis adjusted for each baseline risk category and age category showed that the proportions of females with hypertension risk or diabetes risk were significantly lower in the intervention group than those in the control group only at 15 months (OR 0.48, CI 0.27-0.85 and OR 0.27, CI 0.08-0.85, respectively) and the proportions of females who were overweight or showed dyslipidemia risk were significantly lower in the intervention group only at 27 months (OR 0.29, CI 0.10-0.82 and OR 0.39, CI 0.16-0.92, respectively). Multiple logistic regression analysis adjusted for sex, each baseline risk category and age category showed that the proportion of those at hypertension risk was significantly lower in the intervention group than in the control group only at 15 months (OR 0.54, CI 0.33-0.88), the proportion of those who were overweight or showed dyslipidemia risk was significantly lower in the intervention group only at 27 months (OR 0.43, respectively) . The proportion of those showing diabetes risk was significantly decreased in the intervention group at both 15 month (OR 0.42, CI 0.18-0.97) and 27 months (OR 0.56, CI 0.32-0.99).
Results
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Discussion
There was a significant increase in those walking a preferable number of steps and significant reductions in diabetes risk in the intervention group compared with the control group both evaluation at 15 months and 27 month. The Framingham risk score was significantly decreased at 15 months and 27 months among females. Only at 27 months, there were significant reductions of overweight and dyslipidemia risk in the intervention group. To our knowledge, this is the first report showing the effect of a longterm lifestyle intervention in a Japanese community setting for the reduction of cardiovascular disease risks. The present study indicated the importance of a long-term approach, showing a significant reduction in subjects who were overweight at 27 months but not at 15 months. The program in this study required a relatively high level of manpower and cost. Therefore, from the perspective of cost-effectiveness, it remains to be shown whether the implementation of this program should be recommended for wider use. Examination to develop more effective programs is warranted.
In the present study, the average weight loss in the intervention group among females was 2.1 kg (3.4%) at 15 months and 2.5 kg (4.1%) at 27 month. This weight loss degree is congruent with literature on another lifestyle intervention program based on the "Health-Up Model Project" (Noda et al. 2006) . Noda et al. (2006) reported a 6-month weight loss program for 155 overweight subjects, which included dietary advice, monthly individual health education and exercise in sports facilities or at home. One hundred and twenty-one subjects who participated in this program experienced a mean weight loss of almost 2.4 kg (3.4%). Based on these data, it is speculated that these approaches to lifestyle modification were effective in promoting weight loss among overweight subjects and the long-term impact of lifestyle intervention on prevention of gaining weight back was assessed in this study.
Several previous studies have shown the long-term effect of lifestyle intervention on health outcome (Lindstrom et al. 2006; Li et al. 2008 ). The extended follow-up of the Finnish Diabetes Prevention Study, one of the best known of these intervention studies, has shown that intensive lifestyle intervention in people at high risk for type 2 diabetes resulted in sustained lifestyle change and a reduction in diabetes incidence, which persisted for a median of 3 years after individual lifestyle counselling stopped (Lindstrom et al. 2006) . Although none of the report had a large sample size, there are a few reports available regarding the effect of the lifestyle intervention after the end of such programs in Japanese communities. Iso et al. (2002) demonstrated that an intensive community-based program was effective in reducing serum total cholesterol level non-pharmacologically during the first year and also reduced the likelihood of progressive worsening of hypercholesterolemia during the subsequent 8 years in a randomized controlled trial with 51 subjects in the intervention group and 53 subjects in the control group. Although our findings indicated that the 27-month lifestyle modification program in the intervention group was effective for dyslipidemia risk compared to that in the control group, continuous evaluation some time after the end of the program is needed to properly evaluate the effect of the program.
At baseline, the results for the number of walking steps was not in accordance with those indicating regular exercise: the proportion of those with a habit of regular exercise was higher in the intervention group than in the control group, but the proportion of those with a habit of walking a preferable number of steps was lower in the intervention group than in the control group. These findings might be safely interpreted by considering that subjects in the control a. Values are shown as mean ± S.D., unless otherwise specified. b. Number of subjects for this analysis after we excluded subjects who self-reported that they were taking each medication prescribed for hypertension, dyslipidemia and diabetes for 27 months.
c. P value was determined by analysis of variance for repeated measures adjusted for age, unless otherwise specified. d. P value was determined by Student's t-test. e. Subjects with overweight were defined as having a BMI ≥ 25 kg/m 2 . f. Subjects with hypertension risk were defined as having at least one of the following: SBP ≥ 130 mmHg or DBP ≥ 85 mmHg. g. Subjects with dyslipidemia risk were defined as having at least one of the following: TC ≥ 200 mg/dl (females aged 50 years or over: 220 mg/dl), HDL-C < 40 mg/dl, LDL-C ≥ 140 mg/dl or TG ≥ 150 mg/dl.
h. Subjects with diabetes risk were defined as having at least one of the following: FPG ≥ 110 mg/dl or HbA 1c ≥ 5.6%.
group walked more than the intervention group during daily life and on their jobs, but they did not recognize walking as exercise. Our study includes several limitations. First, this study had a non-randomized study design: the participants were allocated to either the intervention or control group based on each participant's request. Especially among female participants, the proportion of those who were overweight was significantly higher in the intervention group than in the control group, so there is a possibility that subjects in the intervention group had more lifestyle style behaviors that should be modified compared with those in the control group. In addition, the possibility that the lack of masking for group allocation might have impacted participants' lifestyle behavior improvement over the program cannot be denied. Second, the measures of lifestyle were self-reported by participants, which might have resulted in some degree of measurement error. Third, the fact that 152 subjects (27.7% of baseline participants) dropped out over 27 months might have influenced the results because of the possibility that there was weaker motivation for lifestyle modification among those subjects. Fourth, the study participants were volunteers, so they were probably more health-conscious than the general population. Lastly, the number of male participants was relatively small, which might have limited the significance of differences in the results. Our findings should be generalized to middle-aged Japanese with caution because of possible selection bias.
In conclusion, the relatively intensive 27-month intervention program is effective in improving lifestyle behavior and decreasing cardiovascular disease risks at the end of the program. a. Baseline risk category and age category were adjusted to obtain the multivariate odds ratio, unless otherwise specified.
b. Baseline risk category, age category and sex were adjusted to obtain the multivariate odds ratio. c. Subjects with overweight were defined as having a BMI ≥ 25 kg/m 2 . f. Subjects with hypertension risk were defined as having at least one of the following: SBP ≥ 130 mmHg, DBP ≥ 85 mmHg or medication usage for hypertension.
g. Subjects with dyslipidemia risk were defined as having at least one of the following: TC ≥ 200 mg/dl (females aged 50 years or over: 220 mg/dl), HDL-C < 40 mg/dl, LDL-C ≥ 140 mg/dl, TG ≥ 150 mg/dl or medication usage for dyslipidemia.
h. Subjects with diabetes risk were defined as having at least one of the following: FPG ≥ 110 mg/dl, HbA 1c ≥ 5.6% or medication usage for diabetes.
